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The present invention relates to an enzyme system involved in the production of ^-lactam compounds 
and to the use of enzyme systems for increasing antibiotic production. 

Penicillins and cephalosporins are the most widely used antibacterial agents. Penicillins and 
cephaosponns are secondary metabolites which are industrially produced by filamentous fungi like 
s Pemallium chrysogenum and Acremonium chrysogenum , respectively, in several enzymatic steps (J.R 
Miller and T.D. Ingolia, Mol. Microbiol. (1989) 3:689-695). . 

The main steps in the biosynthetic pathways leading to cephalosporins and penicillins have been 
elucidated 'n the past 30 years. The pathways share two enzymatic steps. In the first step a tripeptide is 
formed from «r-am.noadipic acid, cysteine and valine. The enzyme which is responsible for this step is 5-{L- 
70 a-ammoad ip yl)-L-cyste,nyl-D-valine (ACV) synthetase. In the second step the ACV is cyclised by the action 
of isopenicillin N synthetase (hereinafter referred to as IPNS) or cyclase. The reaction product is 
.sopen,c.ll.n N a compound which contains the typical fl-lactam ring structure and which possesses 
antJbactenal activity The b.osynthesis of penicillin involves a unique third and last step in which the «- 
aminoad.p.c acd side-chain of isopenicillin N is exchanged for a hydrophobic side-chain. The hydrophobic 
mZT a,n ,!. C0mmOn ^ T d in industrial Paction are phenylacetic acid (PAA) and phenoxyacetic acid 
(POA) yielding penicillin G and penicillin V, respectively. The side-chain exchange has been proposed to be 
a reaction catalyzed by a single enzyme referred to as acyltransferase (AT). Cephalosporins are formed 
from isopenicllm N in a number of steps including epimerization of isopenicillin N to penicillin N rinq 
expansion and hydroxylation. ' a 

The biosynthetic pathways to penicillins and cephalosporins have almost completely been elucidated 
and most of the enzymes involved in the biosynthesis towards penicillins and cephalosporins have been 
purified and characterized (Ingolia et aL, Med. Res. Rev.. (1989) 9:245-256). The genes encoding these 
enzymes have been cloned and it is commonT7~ic-5epted that the introduction of expression vectors 
contammg DNA encoding these enzymes into production strains may improve the yield of fl-lactam 
compounds. Recently ^ an example of the successful application of the expression of extra copies of genes 
has been described (Skatrud et al„ Biotechnology , (1989) 7:477-485). . 

It has been recognized that maintaining reducing conditions' is important for producing fl-lactam 
compounds. For instance, under non-reducing conditions the tripeptide ACV dimerizes into ACV disulphide 
(b.s-ACV) or possibly into mixed disulphides with other thiol-containing compounds. These disulphides are 
not used as substrates by IPNS. Furthermore, the enzyme IPNS is less active in non-reducing conditions 
(Perry etal Biochem.J. (1988)255:345-351). Reducing compounds such as dithiothreitol (DTT) are used to 
maintain reducmg conditions in vitm In this way a process for producing cephalosporins from tripeptide 
precursors as well as unnatural penicillin and cephalosporin derivatives using isolated enzymes has been 
developed (US patent 4.510,246 and 4.536.476). Moreover, a process for producing tripeptides using the 
enzyme ACVS has been described in EP-A-280051. At this moment it is not known how enzymes and 
d.sulphide compounds, for instance ACV. involved in the production of yS-lactam compounds are maintained 
in a reduced state .n P. chrysogenum or other ^-lactam producing microorganisms. Surprisingly a yet 
unreported enzyme system with reducing properties which is able to reduce bis-ACV amongst other 
d.sulphide compounds, has been isolated. The enzyme system comprises two polypeptide components, a 
high and a low molecular weight polypeptide, and an electron carrier, such as nicotinamide adenine 
dmuc.eot.de phosphate (NADPH), in its reduced form. The polypeptide components share similarity with 
hioredoxin reductase and thioredoxin. respectively. It has not previously been mentioned that the 
thioredoxin system might be involved in the fi-lactam production. 

Therefore, the present invention provides an oxido reductase system, viz. a thioredoxin reductase 
system wfuch is obtainable from P. chrysogenum . which is able to reduce ACV disulphide amongst other 
compounds is provided. This oxido reductase system consists of a high molecular weight (HMW) 
poypeptide with a molecular weight of about 36 kDa as determined by sodium dodecylsulphate 
polyacrylam.de gel electrophoresis (SDS-PAGE). and a low molecular weight (LMW) polypeptide with a 
molecular weight of about 12 kDa as determined by SDS-PAGE. and a reduced electron carrier. The high 
and the low molecular weight polypeptides have been isolated by a combination of gel chromatography 
ion-exchange chromatography and affinity chromatography. The HMW component is similar to the 
th.oredoxin reductase obtained from Escherichia coii. The LMW component is similar to known thioredoxin 
and possesses similar activities including protein disulphide exchange. Also provided for are the genes 
encod.ng the polypeptide compounds of the new oxido reductase system obtainable from P. chrysogenum 
ss Furthermore, the oxido reductase system of P^ chrysogenum has been found to" be involved I n 
rnaintarning enzymes and disulphide compounds, for instance ACV, involved in /Mactam biosynthesis in a 
reduced state. Also other thioredoxin systems have been found to be applicable for this object. In this way 
these systems are applicable in the in vitro production of agents, for instance in the production of fl-lactam 
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antibiotics. Also, genes encoding both the n 0 lvnon«H 

obtamable from P. chrysogenum and ttose of *° m P° nente of tfle new oxido reductase system 

•ncrease the productioir^f^ abolite rfo r f n l n S f thloredoxi " systems can be used in a meS tn 
culture consisting of transformants TsJd^lt^ com P° un <*. by growing a microT Qan im 
second components or functional porWthe eof S am T^''" 9 ° NA Sequences *™ ng S and 
regulatory contro. of transcriptional and TJs^frLlT^ " fMBm ' each DNA s ^cb uSr the 

saT;S m 0f ^ 6n2yme SyStSm are "522 an? saK S? fUnCt, '° na ' Said whereby sSd 
said ^-lactam compound. The Dres^nt s„„r *■ * lactam compound is produced- an* ie«L*- 

gene encoding a Polyp^cE^ DNA constructs comSg aMeaTone 

of a HMW polypeptide and a LMW Xeptide C ° mPr,Sin9 *" ° Xid ° reductas * wSTiSSS 

wrth a LMW polypeptide in the presence o a rTrLi* 9 * redUCln 9 disu »P™* compoTds or 

reduced in vitro in this way. ° f 3 reducin 9 a 9ent as for instance DTT Preferably ACV 



BRIEF DESCRIPTION OF THF Fi^nopg 

Figure 1: Schematic 
contained in pPCH-1. Th« 
gene is indicated (arrow). 



*> contSe^DP^^^^^ 

7 , ' pPCH - 1 - The position of the 5'-end of tho Tli — cnrv sogenum derived DNA 

* .s indicated (arrow). end of 9ene and the direction oT transcription of the HMW 
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Rgure 2: Partial nucleotide sequence of the p 
encod.ng the N-terminal HMW amino acid Z„ ~ Chryso 9 enur " HMW gene. The open readino fr» m 
also indicated (undercast). . ^ Se « uence ^cltidTunderHned). The posE o^LcTis 

BRiEFDESCWPj^o^ 

tnek^^^Vpot^tid^ ° f nUde ° tide S ^ uence «* Educed amino acid sequence of 

Sequence listing No. 2 shows nart «f -• 
Polypeptide. ° WS " art ° f *• am.no acid sequence of the P. chrysogenum HMW 

Sequence listing No. 3 shows Dart «f ■ ~~ 

Polypeptide. WS Dart * the amino acid sequence of the P. chrysogenum LMW 

Sequence listing No. 4 shows * pq ~ ~~ 

sequence of the HMW polypeptide. ^ ° U ^^e probe, based upon the N-termina. amino acid 
Sequence listing No. 5 shows tho m H n 
In accordance with the sub^nv^ 

enzyme system is capable of forming £ee Su/V'*"™* m ° ,eCU,ar wei 9 ht of a °°« 12 kD* S 
« presence of an electron donor such as NADpT. COm P ounds «««ning disulphide bonds Tn tte 

of a ^-^Src^ -c, when combined in the presence 

SSf k** 5 '222- Activi * wa * dem^S^t! of ^^ining enzymes and intermedin a 

» seTL U°^ WI 'T he inCreaSe ° f 

nm ,n th ^ ° f r6dUCtion was measured by following £ A »e;nat.vel y other substrates were 

uprising ta genos ^ , he , *^ k « ^Q^agm™. „ kom ^ 
.« K^5B3?TTo^T^rS^^™^ e 9 ^' n "° r "*"»• » medium „», for „, m pT^ 
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The polypeptide compounds of the subject enzyme system was isolated from cell-free extracts by 
combining a vanety of techniques, including molecular sieving, ion exchange chromatography and affinity 
chromatography. The enzyme system was extracted from P. chrysogenum by an initial disruption of the 
cells, followed by homogenization in a low ionic strength (1 to 50 mM) buffer (for example a Tris buffer) at 
approximately pH 8.0. Lysis of cells can be performed in several ways, for example by use of a Braun 
dismembrator. by a French press or by mortaring of lyophilized mycelium followed by extraction in buffer 
(preferably of low ionic strength such as 1-50 mM Tris). After separating the liquid from the solid matter, 
nucle.c acid was removed, for instance by compounds such as streptomycin sulphate. Polymin B or 

P u t ^ in ^ SUlphate -. Pr0tein in the ,iquid phase was P^Pitated using, for example, ammonium sulphate, 
pH 8.0. The precipitate forming between 50%-80% saturation was collected then dissolved and active 
fractions containing the enzyme system were collected. After fractionation of these active fractions by 
molecular sieving techniques (for example, low pressure resins. AcA54 or Sephadex G75, which fractionate 
approximately between 3 and 80 KDalton range) the activity disappeared. Only after combining fractions 
eluting early from these columns with fractions eluting later, fractions containing the HMW and LMW 
components were identified using the DTNB assay. 

The HMW and LMW components of the enzyme system were individually purified. The fractions 
containing the HMW component were further fractionated using anion exchange resins such as diethylamino 
ethyl (DEAE) or mono Q at low, medium or high pressure, for example TSK-DEAE-650, equilibrated with a 
low ionic strength buffer (for example 50 mM Tris-HCI pH 8.0. 1 mM EDTA). The HMW component was 
eluted with a salt gradient, for example ranging from 0-0.5 M NaCI. Fractions showing activity in the DTNB 
assay eluted between 0.2 and 0.4 M NaCI with this gradient. After this step the HMW component is 
separated from the enzyme glutathione reductase which elutes at lower salt concentrations. The pooled 
fractions were further purified by affinity chromatography resins having affinity for NAD* or NADP*. such as 
Blue Sepharose CL-6a The resin was washed by a low ionic strength buffer of pH below 7.3, for example 
20 mM Tns, 1 mM EDTA. The HMW component is eluted from the resin by adding 5 mM NADPH to the 
same buffer. 

The fractions of the molecular sieving column which contain the LMW component were further purified 
exchan 9 e resins sucn as DEAE or mono Q at low, medium or high pressure, for example TSK- 
DEAE-650S, equilibrated with a low ionic strength buffer, preferably 10 mM Tris-HCI pH 8.0. 1 mM EDTA or 
lower. The LMW component was eluted with a salt gradient, for example ranging from 0-0.3 M NaCI To 
stabilize the activity of the LMW component, the fractions containing this component received a reducing 
agent, for instance DTT or 0-mercaptoethanol. Before testing of the activity the reducing agent is always 
removed, for instance by extensive washing of the LMW component bound to a DEAE resin by qel 
filtration, or by dialysis of the eiuted fractions against a low ionic strength buffer such as 1-40 mM sodium 
f^o" ? e LMW com P° nent was furt r»er purified using cation exchange resins such as carboxymethyl 
(CM,)Sepharose equilibrated with a low ionic strength buffer with a pH below 5.5 (for example 20 mM 
sodium acetate pH 4.9 containing 1 mM EDTA). The LMW component was eluted with a gradient for 
example 0-600 mM sodium acetate. Fractions containing the LMW polypeptide eluted between 250 and 450 
mM acetate. 

The purity of the HMW and LMW component was examined by SDS-PAGE. Amino acid sequencing of 
these bands showed that these polypeptides were substantially free of cellular debris and other microorgan- 
ism proteins, as judged by SDS-PAGE followed by amino acid sequencing. 

After Blue Sepharose CL-6B affinity chromatography the HMW component has a specific activity in the 
T^L 1 " 0 " 2-0 Um ° leS NADPH/m in.mg prot as determined with DTNB as a substrate and a fixed amount 
of DEAE purified LMW component After CM-Sepharose chromatography the LMW component has a 
specific activity of 0.3-0.4 wnoles NADPH/min.mg prot. as determined with DTNB as a substrate. However 
the measurement of specific activity is very dependent on the degree of purity of the HMW and LMW 
C ^ r H^? ntS ' °" *" mornent after Purification at which the assay is conducted, and on the relative amounts 
of HMW and LMW components added to the reaction mixture. Highly purified polypeptide components are 
less stable than partially purified polypeptide components. 

The enzyme system was able to reduce low molecular weight disulphides such as bis-ACV. DTNB bis- 
(cys-gly) and b.s-(Coenzyme A). Michaelis Menten constants (K M ) were measured for these substrates 
using HMW and LMW components obtained after DEAE chromatography (18 and 2.5 ug, respectively) The 

£?„ Va »? W6re in the ° rder * 125 UM for bis - ACV - 1-4 "M for DTNB. 83 uM for bis-(Coenzyme A) and 
800 uM for bis-(cys-gly). 

The enzyme system was also able to reduce protein disulphides such as in insulin. The K M value for 
insui.n. based on the molecular weight of the native molecule which contains three disulphides is 23 mM 
Amino acid sequences of the HMW and LMW components isolated from P. chrysogenum were 



sequence: 



10 



is 



20 



25 



45 



SO 



55 



EP 0 462 674 A1 

defined b, ^ ^ in ^ m ^ HMW ^ pMua ^ amto ^ 

^"rr,"" th ,eaau « ' a " a ««L £aT KmaWe ""W""* » «* sequence ana extend 
The LMW gene product composes the amino acid sequence: 

Pro-vii- (val wvl? f"> hr "Sf p_Ala - ( Thr ) - (sly) - 
(Glu)-. y Pr ° (Xaa, -f 1 W-(Al»-(Ile)-(Alaj: ( Pro)- 

using parameter settings gap weiaht 3 onn fln n ;™ Gase 1989 > G ^G. University of Wisconsin U s a * 

. z: : ess . than 8s% but hi9her Sa " ^« t^sar.ir £ min< : acid sequences 

» frorr i natura sources, or may be produced by rn^ e neTo^Z^ ??° US Pr ° teinS ma * be 
Companson of the amino acid sequence v^th known L ^ LMW encodin 9 °enes. 

am.no acid sequence of the »^ p^^Sae^^^^t^^ 1 ^" 0 ? 8 revea,ed the N-terminal 
truoredoxm reductase of E. eoU (EC 1 64ffl £U I™'. ' V . N - temi,na ' amino acid sequence of 
sequence may contain the-fffi conserved fL£? * 30 33 am, ' no acid overtop) The LMW 

• may be simi.ar to t^ioredoxins^obtalnXm sVZ JT^ ^'^^ ^ ical *» thioredoxL and 
to thioredoxin of E. coii. The findino ^ ^7^!^"* {60% Simi,arit V f " 

an 38 amino acid overian 

from Spimnna p.itenlii, in an ass f y * T* r9P ' aCed bv ™°'edoxin obt£2 

th.or^oxmof P.chrysoge^.Tiip^^ be referred to as the thioredoxin reductase and the 
-aoeis o 6 r EST* °' « *"»* be ioined to o»er compounds, such as an^ r6ceptors 

^--^^^^^^ P^Ptide components of the o»do 

been determined. ^mi&lSl^^J^^'T 0 "* seouences of the two polypeptides have 
of genes which encode these poly^ef^ 

quences of these genes (Miller and EgoYa su P S I wl ' *" determinatio " of the nucleotide 
are designed based on a partial amino' ^T^^^ M T^ 3pproach - oligonucleotide probi 
*- Punfied enzyme (see e . g .. Maniatjs et ''^ peptide fra 9™nts of 

p obes may be used directly to screen oShotittam bS 1989) ' ^ oligonucleotide 

such a library, containing DNA fragments of pTk ' eS for 1,16 9ene of Merest. An examole of 

described in EP 035462?. 9me " tS ° f £ ChryS0Qenu ^ in *• 'ambda phage vector EM^^Tbeen 

ss^,^^ desi9ned to be - 3 P — 

larger probe fragment or mRNA from ^'croorganism of interest to generate a 

* — w „ach ^ ^ M , he purifrt ^ of ^ ^ may be used to ecteen 
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expression libraries for the gene of interest. Once genes, or part of the genes encoding the HMW and LMW 
polypeptides have been cloned, these genes can be used as probes to isolate the corresponding genes 
from other organisms by heterologous hybridization. These probes can be restriction fragments derived 
from DNA isolated from, for example, P. chrysogenum . Alternatively, synthetic oligonucleotide probes can 
5 be made -for instance comprising a region of the. most conserved sequences in the gene. These 
o hgonuc eotide sequences can be used for screening of genomic or cDNA libraries. On the other hand 

S5a"!Sn? Tl < 4 made . which be used to "Ota* *e gene of interest, or part of it, from genomic 
DNA, cDNA or mRNA of the microorganism of choice by using the PCR technique 

In yet another approach, cloned sequences of the genes encoding the HMW and LMW polypeptides 
u> may be used to create oxido reductase mutants by gene disruption of the authentic HMW and LMW 
polypeptide encoding genes by transformation with cloned mutant derivatives of these genes. The resulting 
thioredoxin or thioredoxin reductase mutant can subsequently be used as a host for the selection and 
LctivS" fra 9 ments fr0 " *e same or another organism which are able to restore oxido reductase 

is ■ Probes may be modified by conjugation to a variety of labels which allow for detection of duplex 
formation between the probe and its complementary target. Labels include radioactive isotopes, ligands 
e.g biotin. enzymes, fluoresces and the like. A wide variety of protocols for labelling probes and detecting 
duplexes formed between probes and their target hybridization sequences have been described in the 
literature. See for example, Berger and Nmmel. editors. Guide to Molecu lar Cloning Techniques (1987) 
Z' C 7 S ' nC -;K San Di l Q0 ' CA " Pr ° be se£ > uences be jolHedlo-a^a7iit7 of other nucl e c acid 

!n2 T T; ^° n9 SC „ 0th6r nUC ' eiC 3Cid sew™™ actors such as plasmids, cosmids. phages. 

t y H J ° ,n !T 9 ^J"?" 5eqUence t0 3 vector se °. uen <*. probes may be conveniently created 
expanded, stored, and modified. ' ' 

Convenient restriction sites may be designed into the DNA sequences encoding the enzyme system- 
when possible, the restriction site(s) leave(s) the amino acid sequence of the expression product unaltered' 
!°7f T 65 ' '" cor u p0rati ° n 01 new restriction sites may yield an altered amino acid sequence. However it 
is highly desirable that the three-dimensional structure of the HMW and LMW polypeptides be retained 
part.cu.arly that (those) portions) of the structure of the enzyme system which ma^be respons^S 
enzyme activity. 

^ivT 16 TT™ f° "!u UdeS 96neS com P risi "9 differe "t nucleotide sequences for instance with conser- 
vative mutations where the sequence encodes the same amino acid sequence, but may have as many as 
30 /o different bases more usually not more than 10% different bases, or mutations which are non- 
conservative where fewer than about 10%. more usually fewer than about 5%. and preferably not more 
than . A of the ammo adds are substituted or deleted, and there are fewer than 5% of inserted amino 
acids where the percent is based on the number of naturally occurring amino acids. Said genes may also 
be isolated by hybndization. 

Once having isolated a DNA sequence encoding the enzyme system, the DNA sequence may then be 
used for expression in a convenient host, either prokaryotic or eukaryotic. For expression of the sequence 
where necessary an initial methionine codon is provided. Where the DNA sequence encoding the enzyme 
40 tTn-T,- ,S , t0 ! t expressed in a host which recognizes efficiently the authentic transcriptional and 

allTl* KnTTZtT™ ° f ^ ^ 6n2yme Sy5t6m enCOdi " 9 9 ene < s >' *• entire 9*ne(s) ^th its 
authentic 5 and 3 -regulatory regions may be introduced into the host without further manipulation 

Where the DNA sequence encoding the enzyme system is to be expressed in a host cell which does 
not recognise the authentic expression signals or where the native gene encoding the enzyme system is not 
being used, furtter manipulation may be required. The non-coding 5'-region upstream from the open 
read.ng frame ORF) may be removed by exonuclease digestion, for instance by Bal31 digestion, or the 
fake. Alternatively where a convenient restriction site is present near the 5'- terminuFSf the ORF. the DNA 
H! ay no J 6 f k a " 3dapter em P loved for linki "9 the ORF to a DNA sequence providing expression of 
1 T "S. Cett ' Where the adapter P rovid es for the lost nucleotides of the ORF. Similarly the 

authentic 3 -transcriptional regulatory regions can be replaced by 3'-transcriptional regulatory regions 
functional m the host In addition, the expression in other hosts, especially prokaryotic ones, may require 
the removal of introns in the gene, or the use of cDNA copies of the gene. 

For the genes encoding the component polypeptides of the enzyme system, the original expression 

ITrt-LT 1 + Ced „ b ^ expression si 9 nals obtained from the same or another organism, which are 
functoonal ,n the host cell, for example, in E. ooli or in Streptomyces . or in filamentous fungi such as P 
TT 0 !?!™™ ' P romoter s Preferably are expressed during ^-lactam synthesis. Expression signals ani 

defined herein as signals necessary and sufficient for efficient initiation and termination of transcription and 
efficient initiation and termination of translation. 
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The genes may be introduced into the hr>«t roii • 
transformation, transection by contacting the ce5s vS « a ° COrdance with known techniques. such as 
.and the like. The genes can be incorporated !/ S " m,cr °- in jection of the genes into the ceS 

separate construct. The genes ^n Z tLlcTZT^ ^ * ° ne constru <* «£>T* 
5 P roduc,no W-ms. preferably pntiufSo^^J^^^* ~ or other /HacL 

•s obv,ous to those skilled in the art that seZln J ZT 0 ™*™ 3 suitab,e se,ec «°n marker^ 

sequences, physically linked or not to the non-selectabte nMA d 1 8 Pr6Sence or absenc * of vector 
from the group of fungi, preferably PeniSm !h^n Part ' cu '^'y. the microbial hosts are select 

io md^ans, or from the group of Streptorn^cg ^ 2!^^- ^emon^ chr^jum or 

containing disu.phide bonds. disu.phSe bondT iJ^TlJ?* V*"* b6SideS ° ther 

271 . The polypeptide components do not have to hi V % J ? 9ren " — ^ Biochem. (1985) 54:237- 

purned polypeptide components can be used. 

punned completely, for most applications oartiallv 
The enzyme system can replace DTT m-r • ^ 
processes where isolated enzymes are ^^7^1°^ COndition * *» instance in 

lactam b-osynthetic enzymes is stimulated by ^ZS^^S^: ^ of ™* of the * 

IPNS, has to be in a reduced state as well However T? h ! ™* tn P e P* te A CV. the substrate of 

25 enzymes (Kim et al.. J. Biol. Chem. OBB^L ^Z ^ , ° f ^ DTT wi " ina <*V ate many 

involved in /Hactam sTn^iiisTinch as ca a.^l . >- r ° n ' S a " essential ccrfac tor for the enzvrnZ 

. SET — — — C% 

The LMW component of all tho . 

^ l srsr - is defined - a ~^Vrt^j^ ^^^i 

compounds to be reduTed with a composition c<Ln* ?u* thS Pr6SenCe of 30 6te «ron donor the 
wherein said enzyme system is obtainaTe C P ZZ*l T System or componenTs 

polypept.de wrth a molecular weight of about 12 kS> =L ^ ^ 3 ,0W m <*»«itar weight (LMW) 

or with a LMW polypeptide in L " reduCin 9 £n£Z£ 

enzyme system or components are s T SL« 9 aQent 38 for instanc e DTT, or wherein sS 

obtainable from any organism th '° redOX ' n * y » to » n -. or thioredoxin and a thioredoxin reducit 
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ElJ^y^ogenum **^JJ^X£ Srtfn " the ° X '' d ° system of P 

raW^SSBF.LMW eompon^^ b T , X^^ l - lhe T fr ° m -tura. souses thl 

n.ques. This may be accomplished by pTeparirS T dna mK * 00 '9™*™ modified by recombinant tech- 
the HMW and/or the LMW polypeptide component oUhe ^ rUCt H com P risin 9 ™ or more genes encoSng 
both of the expression signals has been ^ Wherein °P tiona »y °™ or 

organtsm. as described above; and tmnJS^^S^T S ' 9 T ° WBlhed from the sam ^ or another 
system or components thereof may beTSed fmm^°T ,Sm Wth theSe DNA constructs. The enzyme 
provided above. /be .solated from transformed hosts essentially according to meSods 

By use of cloned HMW and LMW 
reductase, modified enzymes may be desKS? Zi ^"f*? - eneS enC ° din9 «"«wloxin and thioredoxin 
modified by known techniques oi sfte d'Sed Synthes,2ed - 7,16 DNA * the invention may afsoTe 
deletion, and insertions have bee^ lJ»tJS1l2?^% ,D y ' e ' d ° NA h Which specific 
- enzymes, such as a change in pH^iJr]^,^^^ ^^^steK^e^^? ' 



:,D: <EP 0462674A1 J_> 



EP 0 462 674 A1 



substrate specificity. The latter could for instance result in an enzyme with a higher affinity for other 
components of the oxido reductase system, for jS-lactam biosynthetic enzymes or for disulphide com- 
pounds, for instance ACV. involved in the production of 0-lactam compounds, or a combination thereof. The 
host strains, transformed with genes encoding these modified enzymes may be able to produce ^-lactam 
5 antibiotics at higher levels as compared to non-transformed strains. 

The genes encoding the polypeptide components of all thioredoxin systems including the oxido 
reductase system of P. chrysogenum may be used for enhancing the production of 0-lactam compounds in 
a microbial host. DNA constructs prepared as described in this invention are used to transform microorgan- 
isms producing said compounds. Preferred microorganisms for transformation are eukaryotic 0-lactam 
70 producers such as P. chrysogenum , A. chrysogenum or Aspergillus species, and prokaryotic 0-lactam 
producers such as Flavobacterium or Streptomyces species. 

Although the foregoing invention has been described in some detail by way of illustration and example 
for purposes of clarity and understanding, it will be readily apparent to those of ordinary skill in the art in 
light of the teachings of this invention that certain changes and modifications may be made thereto without 
75 departing from the spirit and scope of the appended claims. 

The following non-limitative examples will further illustrate the invention. 
All documents cited are incorporated herein by reference. 
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EXPERIMENTAL 



Example 1 



Demonstration of PTNB reducing activity by combining high and a low molecular weight fraction of extracts 
of Penicillium chrysogenum 

Culturing : 

Rice containing spores of P. chrysogenum strain NRRL 1951 was prepared as described by Lein et al. 
(Lein (1986) in Vanek and Hostaiek (ed.) Buttersworth, Boston, pp. 105-139, Overproduction of microbial 
metabolites: strain improvement and process control strategies). Tryptic soy broth (TSB) with 1% starch as 
the carbon source was inoculated with 10 s conidia per ml. After growing for 24-48 h at 30" C 5 ml of this 
culture was used to inoculate 500 ml of TSB-starch medium. After 24 h, the mycelia were harvested by 
filtration and the resulting filter cake was washed twice with 0.9% NaCI. Packed mycelia were kept frozen at 
-20 C until use. 

PTNB reductase activity assay: 

DTNB reductase activity was measured as follows: The reaction mixture contained (final concentration) 
50 mM Tris-HCI pH 8.0, 1 mM EDTA, 0.02 mM DTNB, 0.2 mM NADPH. Enzyme preparations were added 
40 to a final volume of 1 ml. The reaction was followed by measuring the increase of absorbance at 412 nm at 
25 C during the first three minutes or longer if necessary. Control experiments were included in which the 
enzyme preparations or NADPH were omitted. 



Preparation of cell fractions: 



10 g (wet weight) of mycelia were suspended in 0.05 M Tris-HCI buffer pH 8.0, 1 mM EDTA (TE-buffer) 
to a total volume of 50 ml and disrupted in a Braun dismembrator (Braun, Melsungen, FRQ) using Ballotini 
glass beads (Sigma type V, diameter 450-500 urn) for periods of 30 s at intervals of 15 s with refrigeration. 
The homogenized suspension then was cleared by passing over a glass wool filter. This step and the 

so following ones were carried out at 4°C. To the cell-free extract, 10% (w/v) streptomycin sulphate in TE- 
buffer was added slowiy to a final concentration of 1%. After stirring for 45 min in the cold, the nucleic acid 
precipitate was removed by centrifugation at 10,000 x g for 10 min. The supernatant was fractionated by 
precipitation with ammonium sulphate while maintaining the pH of the solution at 8.0 during ammonium 
sulphate additions. The fraction precipitating between 50-80% saturation was dissolved in a small volume of 

55 TE-buffer. The dissolved fraction was applied to an AcA54 gel-filtration column (2.6 x 35 cm) equilibrated 
with TE-buffer. The column was eluted with TE-buffer at a flow rate of 0.5 ml/min and fractions of 3 ml were 
collected. 

DTNB reductase activity was present in the ammonium sulphate pellet precipitating between 50-80% 

8 
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"as^^ Ration colum , DTNB reductase 

. containing HMW material (>15 kD^ The DTNB reductase .™ a * ena ' ( <1 5 ^Da) to particular fractions 
presence of NADPH. It can be concluded torn thL W3S found to te dependent on the 

s of P. chrysogenum is ac^Ztyln^Zo %Z£ZT* ** ^ ™ n b * ce,| - free **rac2 
an "el ectron donor." ° p0, yP e P t,de components (HMW and LMW components) and 

Example 2 

DTNB reductase activity assay: 
™ The assay conditions for the purification of thP hmw , t 

Purification of the HMW component : 

Gel-filtration fractions which contained hmw ™»* • i 
pooied and app.ied to a T SK -S^XS^T ftT*. ^ " *» D ™ B a5Sa V 
equilibrated with TE-buffer. The column was eluted V ° ^ 5* V °' Ume) wh,ch was Piously 

eluting at 0.25 to 0.32 M Na C. were a^e Tn f »e DTNZ ^JOT* " ° * °* M NaCI - Actions 
subsequently loaded on a Blue Sepharose C 6B cotln p / eductase assa V- ™ese fractions were 
mM NADPH in 20 mM Tris-HCI buffer oH 7 25 c !l ?* 1*°*°™ Containin 9 HM W were eluted with 5 
containing one polypeptide ba d wiJ, an apfarent mT' ^ ^ ThiS PrOC6dure resu,ted in • 
(Laemmli, Nature (1970) 227:680-685). molecular mass of 36 KDa as determined by SDS-PAGE 

Purification of the LMW component : 

assa^^d!^ which were active in the DTNB reductase 

m. bed volume, which was pJoL^SS SSTo mM 11 buffef ^ COlU ™ 10 

•"near grad.ent 0-0.3 M NaCI. Fractions eluting at 0 Tto 0 15 M L!?, « C °' Umn W3S e,Uted with a 

assay. These fractions were incubated with ?m M DTT for 30 min -T^ ^ D ™ B reductase 

acetate buffer P H 4.9 containing 1 mM EDTA Z JrnJJ^ « ♦ d ' a ' yS,S a9ainSt 20 mM «**"ni 

bed volume, equilibrated in th same buffef' The SL^t!^^^ ° n CM - Se P^°se. 10 ml- 
sodium acetate in the same buffed FracfiL eLnn T IT 5?* WHh 8 " near gradient of «°-«» mM 
DTNB reductase assay. This p^TZ£Ti ^ bu * r WS ' e activa «" 

apparent molecular mass of 12 KDa as di^I^^aSfeS^l ° 3 P ° ,yPePtde ^ With 30 

45 Example 3 

polyvinylidene difluoride membrane The > SnJl? * P f 98 W<3re electr °Phoretically transferred to a 
in 50% methanol. 10% acSc Tdd \n waT and \T Sta, " e ? Cooma ^ Brilliant B.ue R250 

responding to the HMW and the LMW cTmln P nt SUbSeque , nt, y destained - The polypeptide bands cor- 
using a gas phase seguenator Z^m^^Z SoT ^ N • termina, "*» «" «ng. 
■5 The fol.ow.ng amino acid sequence was determined for the HMW polypeptide: 
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(Val) - (His) -Ser-Lys-Val-Val-Ile-Ile-Gly-Ser- 
Gly-Pro-Gly-Ala-His-Thr-Ala-Ala-Ile-Tyr- 
Leu-Ser- ( Arg) -Ala-Glu-Leu-Gln-Pro- . 

Tentative assignments are given in parenthesis. 

The following amino acid sequence was determined for the LMW polypeptide: 

(Gly) -Val-Thr-Pro-Ile-Lys-Ser-Val-Ala-Glu- 
Tyr-Lys-Glu-Lys-Val-Thr-Asp-Ala- (Thr) - (Gly) - 
Pro-Val- (Val) - (Val) -Asp-Phe-His-Ala-Thr- (Trp) - 
(Glu) -Gly-Pro- (Xaa) - (Lys) - (Ala) - (He) - (Ala) - (Pro) 

(GlU) — . 



Tentative assignments are given in parentheses. 

Comparison of these amino acid sequences with known amino acid sequences and nucleotide 
sequences can^be performed by a library search on the protein data bases of the National Biomedical 
Research Foundat.cn (updated to March 1990) and the Swiss Protein Library (updated to April 1990). and 

20 the nucleotide sequence data bases of the European Molecular Biology Laboratory (updated to May 1990) 
^'i^SHT^' ? e D FastP and TFastA Programmes described by Lipman and Pearson (Science" (1985) 
227. 1435-1441) and Pearson and Lipman (Proc. Natl. Acad. Sci. (USA) (1988) 85: 2444 -2448) A more 
detaHed comparison of the similarity between two se^nciiTarrbe made by the Bestfft programme which 
uses fn a'gontm described by Smith and Waterman (Advances in Applied Mathematics. 1981. 2:482-489) 

25 The FastP. TFastA and BestFit programmes used aTe-p^oFffie-GC G Sequence Analysis Software 

re vS thJrMMw releaSe 1989> GCG - UniV8rSity ° f Wisconsi ". U.SA). The search anS comparison 
revealed that the HMW sequence is similar to the N-terminal amino acid sequence of thioredoxin reductase 
of E. coli (EC 1 .6.4.5) (84% similarity in a sequence of 27 amino acids overlap). 

No sgnificant similarity is found for the LMW sequence 2-16 in the above-indicated libraries. Therefore 

30 the oxido reductase system having the above sequences and characteristics is a novel system 

H* en t^ l T M , W sec)uence 16 " 38 is tenta « v * a* several positions. Nevertheless, it was recognized 
that residues 31-34 form a putative consensus sequence Cys-Gly-Pro-Cys, typically involved in redox 
reactions. A library search and comparison performed with LMW sequence 2-38 confirmed this notion bv 
revealing s.milarity of this sequence to thioredoxin of different species (for instance 60% similarity in a 38 

35 amino acid overlap with thioredoxin of E. coli). 

Example 4 



Demonstration tt^ reduction of bjs-ACV by tf)e co^nbined action 
Bis-ACV reductase assay: 

The reaction mixture contained 50 mM Tris-HCI pH 8.0. 1 mM EDTA. 0.5 mg bis-ACV (Bachem 
Feinchemikalien AG. Bubendorf. Switzerland). 0.1 mM NADPH and purified HMW and LMW components 
The assay volume was 1 ml and incubation was at 30 * C. The reaction was followed at 340 nm 

Control experiments were included in which either the HMW or the LMW component, or bis-ACV was 
omitted. Whereas no activity was found in any of the control experiments, a decrease of absorbance at 340 
nm. due to a consumption of NADPH. was observed in reaction mixtures which contained all of the above 
components. c 

Example 5 

Demonstration of the reduction of bis-ACV and DTNB by the combined action of the HMW component 
obtained from P. chrysogenum and thioredoxin obtained fr^~S^mijni^ensls - ~ 

The DTNB reductase assay was done as described in Example 2. except that both HMW and LMW 
components used were purified until after DEAE chromatography. The amount of protein present in the 
reaction rrnxuture was 0.264 mg of the HMW component and either 20 ug of the LMW component or 10 ug 
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10 



of the thioredoxin obtained from Spirulina platensis ^Siom a « . = • 

increase of absorbance was meai^S 't-f^ "f^ Anient the 

absorbance was 0.225 for the combination of HMW and LMW L Z ST* ° f incubation the inc ">** of 
ttiioredoxm. Control experiments in which either S ° ^ *• combina «°" °' HMW and 

e.ther the HMW or the thioredoxin were omitted did not «h« exponent were omitted, or in which 

Reduction of bis-ACV by the comWn^'^1 TT *" ' naease of ab *>rbance. 

of P_ chrysogenum and 

HCi pH 8.0. 1.5 mM EDTA7O03 mg/ml bis-ACV and 0 mt Lfno! 1°" m,XtUre cont ained 80 mM Tris- 
are g.ven in Table 1. The HMW and LMW IS n TT* ^ am ° UntS ° f the P roteins ««i 

assay volume was 0.5 ml and incubation was at roSm Z^", ^ after DEAE chromatography. The 

and activity was expressed as umoles of NADPH ^ed pe'r m^e «^ * sJo nm 



75 



Tabl«> i 





HMW (/xg) 


LMW (/xg) 


thioredoxin (pg) 


/imol NADPH/minute 


20 


250 
250 
60 
250 
250 
125 


10 
5 
0 
0 
0 
0 


0 
0 
4 
2 
1 
0 


2 .25 
1.13 
1.93 
0.64 
0.32 


26 


0 


10 




0.32 




0 


0 


j j 


0.16 
0.16 
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Example 6 ~~ — 

exai ^^^IZr^^^™™ - the thiol form of ACV. ,n this 
colons for the production of isopeniciilin N Ze S^T^TJ'^ ** * The assa V 

HCI P H 7.5. 1.42 mM bis-ACV, 3.84 mM AscorbSe 7a mS^J 5 nT* 0 " miXtUre contain ^ 50 mM Tris- 
ug of IPNS and HMW and LMW compel t VeauiTsd T " mM EDTA " 14 28 mM NADPH - 1« 
volume of 70 ul. The IPNS was a preparation mZ* V f^ 1 "" 6 P re P arati °ns were added to a final 
Ravobacterium sp . 12 . 154 The .p^^^ ™ da ^ES-^ expressing the IPNS gene from 
Ausubel et al. (eds) Current Protocols in Molecula^Bio.ol^ ^q2°< P ' N ° MPA ex P^°" vector (F.M 

- r^oS 5 ™^ john w,,ey ^ son - New Y ° r ^ 

c. con MC1022 containing pDS510 wa«? nmum i D ^ 
ce..s were diluted 100 fold into LB + M^S^S^TS'r- + , 5 ° OVer The 

grown m 2 liter flasks. The cells were harteste afteT 6 ^LL l^^ 0 ^ 1093 ^^ < IPTG >. «d 
sTeT e ?!? ^ -"^^on rt-^iS^ 0 ^« approximately 2. Wort, 
same tr.s buffer containing 1 mM DTT The crude svLh ♦ P ™ 6 Ce " S were *»**ted in the 
precpitate nudeic acids. An ammonium sutS Son T WRh 1% to 

coHected. The sample was run on an AcaZ^TS^TT^? 4 °- 80% was 

actovrty in the fractions was assayed in t^sterS k Cm) ' 3t 0 " 33 ml/min - 12 min - Antibiotic 

organism. A standard curve of 7ZZ Te^2^ emp,0 >"' n 9 Micrococcus luteus as the te* 

express activity relative to that T^Zo^n TZ^ ZT™™ was fo ™aT thUTThe numbers 
Sepharose column 1.6 cm x 10 cm Pr^nf S .T?* fractions were pooled and loaded on a DEAP 
«ow was 0.33 m,mi, F^ZZretZ^VTn ° f ° * 400 ^ ^e" 

showng h,gh acuity were pooied. This ,P NS Sp^L^^^ST ^ 



40 



45 



11 



- ,D: <EP 0462674A1 I > 



EP 0 462 674 A1 



The HMW and LMW components were partially purified including DEAE chromatography as described 
in Example 2. 

The formation of isopenicillin N from bis-ACV in the presence of the oxido reductase system from P. 
chrysogenum was determined. Antibiotic activity was determined as described above. Control experiments 
5 were included in which either the HMW or the LMW component or NADPH were omitted. The results of a 
typical experiment were as follows. 



Production of isopenicillin N from bis-ACV 
under non-reducing conditions 

w 





HMW LMW 
/xg/reaction 


NADPH 


Zone of inhib 
mm 


Mg/ml 


15 


6.6 


8 




ND 


ND 




39. 6 


8 




ND 


ND 




145.2 


11 




ND 


ND 






8 


+ 


ND 


ND 


20 




11 




ND 


ND 




6.6 




+ 


ND 


ND 




39.8 




+ 


ND 


ND 




105.6 




+ 


ND 


ND 


25 


145. 2 




+ 


ND 


ND 




6.6 


8 


+ . 


7 


38 




19.8 


8 


+ 


12 


72 




39.6 


8 




12 


72 


30 


105. 6 


8 


+ 


ND 


ND 




145.2 


11 




ND 


ND 



ND = not detected 

35 

The production of antibiotic was not detected in any of the control experiments. When both the HMW 
and the LMW components and NADPH were present, antibiotic activity was detected. The synthesis of 
isopenicillin N appeared to be inhibited by high concentrations of the HMW component which may be due 
to impurities in the preparation. 
40 This example demonstrates that the oxido reductase system of P. chrysogenum provides the reducing 
environment necessary for the production of isopenicillin N from bis-ACV by IPNS. 

Example 7 

45 Demonstration of enhanced activity of ACVS by contacting with the LMW component 



Purification of ACVS: 

ACVS was purified from Acremonium chrysogenum C10 (ATCC 48272) as essentially described by 
so Baldwin et aJ. (J. Antibiotics (1991) 44.241-248). 

The ammonium sulphate precipitate was dissolved and applied onto a gel-filtration column (Ultrogel 
AcA34). The ACVS activity assay was done as described by Van Liempt et al. (J. Biol. Chem. (1989) 
264:3680-3684). Fractions showing high activity of ACVS were collected 775^5~ug^r6tein7ml). The 
preparation shows a purity of 80% for ACVS as judged after SDS-PAGE and staining with Coomassie 
55 Brilliant Blue R250. DTE was removed by passing the enzyme through a PD10 column just before use in 
further experiments. 

Purification of the LMW component 



12 

DC1D: <EP 04S2674A1 J_> 



EP 0 462 674 A1 



70 



75 



20 



The LMW component was obtained from p oh«,«; 
LMW component was purified as describe? £ ISS^**?' " ™ SCOnsin «-™ (ATCC 28089) The 
raphy wh,ch were active in the DTNB assay, i*^^^"2SKr >d ^ 

- and fresh DTT was compared to the actVKv 
A^was omKted from the reac 9 tjon rnl^^ * ^ ^ 

m.xture bovm serum aibumin (BSA) was added C ° mpenSate for ,ower P^ein concentrations in the reaction 
i he reaction mixture contained 150 u! of the Arv«? „ 

SJ? V 7 * reaC,i ° n mixture was a »°wed to * an d w ?o m- ? rn9/m ' LMW com P°nent preparation 
started by the addition of 50 ul of a mivti,™ ™ J 0 . 513 ™ for 10 mm at room temperature The reartinn 

The results are given in Table 2. 



25 



Table 



30 



35 



I ATP DTT LMW 


dpm 


+ _ . ■ _ 

,■ . + + z 

+ + + 


180 

198 i 

278 

509 



40 



Similar experiments with LMW 
containing n6 saK showed an even strongeTeffect T^vTr * 98 ' fi ' trati ° n th ™9 h ^ttroge. AcA54 
component stimulates ACVS activity. 9 ' °" ACVS acbv «* ^ fold stimulation). Thus m e LMW 

Example 8 
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S'-CGA OCX GGA GCI CAC Ad G CI GCI ATC 
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The HMW oligonucleotide probe was labelled with gamma-pPJ-ATP and T4 polynucleotide kinase. The 
labelled probe was used to screen a genomic library of P. chrysogenum , made in lambda phage vector 
EMBL-3. Plague hybridization was performed on approximately 10* plagues on nitrocellulose filters. 
Hybridization was performed at 42* C in a standard hybridization solution containing 15% formamide. Filters 
5 were washed with 1-2 x SSC (1 x SSC is: 0.15 M sodium chloride/15 mM sodium citrate) at 50-60° C. In 
these experiments eight positively responding plaques were found. Five of these were chosen for a second 
round of screening with the same HMW probe. All five phage isolates gave a clear positive response. Well 
separated strongly responding plaques were picked for further characterization. Small scale DNA prepara- 
tions of the recombinant phages were made for each isolate. 

10 Purified DNAs were digested with restriction enzymes and, following agarose gel electrophoresis, 
Southern blots were prepared according to procedures well known in the art (Maniatis et aL, 1989, supra). 
Hybridization of Southern blots with the HMW probe revealed, for all five lambdF phages, poiffive 
hybridization of the probe to a unique restriction fragment Sail restriction fragments sized 4.7 kilobases 
(kb), 8.0 kb and 6.2 kb derived from lambda phages 1 , 4 and 5, respectively, were isolated and subcloned 

75 into E. coli vector pUCl 9 (Pouwels et al., Cloning Vectors, a laboratory manual , Elsevier, Amsterdam, 1 987). 
The resulting plasmids, termed pPCH-1, pPCH-4 and pPCH-5, respectively, have been further analyzed by 
restriction enzyme analysis and Southern blot hybridization. All three plasmids contained a 1.2 kb EcoRV 
restriction fragment responding to the HMW probe. A partial restriction map of the 4.7 kb Sail fragment 
contained in pPCH-1 is shown in Figure 1. A 0.5 kb Hindill-BamHI restriction fragment wasTdentified in 

20 pPCH-1, responding to the HMW probe. This fragment was isolated from pPHC-1 and subcloned into M13 
sequence vector Ml 3 mp 18/19 (Pouwels et al., supra ). Determination of the nucleotide sequence of the 
Hind lll- Bam HI restriction fragment was subsequently performed following the procedure of Sanger (Maniatis 
et al., 1989, supra ). The nucleotide sequence revealed an open reading frame encoding the N-terminal 
amino acid sequence of the HMW gene (Figure 2). The position of the 5'-end of the HMW gene, as well as 

25 the direction of the transcription of the gene is indicated (Figure 1). 

All publications and patent applications mentioned in this specification are indicative of the level of skill 
of those skilled in the art to which this invention pertains. All publications and patent applications are herein 
incorporated by reference to the same extent as if each individual publication or patent application was 
specifically and individually indicated to be incorporated by reference. 

30 The invention now being fully described, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the appended 
claims. 
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SEQUENCE LISTING 



10 



75 



20 



25 



30 



(2) INFORMATION FOR SEO ID N0:1: 

Ci) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 250 base pairs 
CB) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: ONA (genomic) 
(iii> HYPOTHETICAL: No 
Civ) ANTI-SENSE: No 

Cvi) ORIGINAL SOURCE: Penici Ilium chrysogenum 
<ix) FEATURE: 

<B) LOCATION: 59.. 80 and 164.. 250 
(xi> SEOUENCE DESCRIPTION: SEO ID NO:1: 
GCCTCGGTCT TCTCCAAGTC ATTTCCGAGC GTCGCGCGTC AATTCCAATA CCGCCACA 



II* I 1 "! I" A,GT ^«"TTT TCGAGGAGAT CGAATGATCC 

Met Val His Ser Lys Val Val I w,cc 

1 5 

GGATCACCTA GATTTCTTCG ATATCAGACT TCTAACCGTT TTCCCCCACA G|TT ATT 

lelie 



58 
112 

168 



35 



40 



GGC TCC GGC CCT GGT GCC CAC ACT GCC GCT ATC TAT CTA TCG CGC GCA 
G y Ser Gly Pro Gly Ata „ is Tnr Ala Ala lie Tyr lIu Ser Arg AU 

15 20 25 

GAG CTC CAG CCA GTC CTT TAC GAG GGC ATG CTC C 
Glu Leu Gin Pro Val Leu Tyr Glu Gly Met Leu 
30 35 



216 



250 
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(2) INFORMATION FOR SEQ ID HO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

Cvi) ORIGINAL SOURCE: P. chrysogenum 

(ix) FEATURE: 
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(xi) SEQUENCE DESCRIPTION: SEO 10 N0:2: 

Met Val His Ser Lys Val Val He He Gly Ser Gly Pro Gly Ala His 
1 5 10 15 

Thr Ala Ala lie Tyr Leu Ser Arg Ala Glu Leu Gin Pro Val Leu Tyr 
20 25 30 

Glu Gly Ket Leu 
35 



(2) INFORMATION FOR SEQ ID N0:3: 

75 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 amino acids 
(B> TYPE: amino acid 

(D> TOPOLOGY: linear 

20 < if > MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: P. chrysogenum 
<ix) FEATURE: 

25 (/ ° "A^/^Y- component of the P. chrvsoqenun oxido reductase system 

(B) LOCATION: 1..40 

(C) OTHER INFORMATION: /label* altemativeaas 

/note* «aa1=probably Gly, aa1y=probably Thr, a a 20=probably Gly, aa23=probalby Val 
aa24=probably Val, aa30=probabty Trp, aa31=probably Glu, aa34=unknown, aa35=probably 
3fl cys ' aa36=probably Ala, aa37=probably He, aa38=probably Ala, aa39= P robably Pro 

u aa40=probably Glu" 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Xaa Vat Thr Pro He Lys Ser Val Ala Glu Tyr Lys Glu Lys Val Thr 
35 1 5 10 15 

Asp Ala Xaa Xaa Pro Val Xaa Xaa Asp Phe His Ala Thr Xaa Xaa Gly 
20 25 30 



Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
35 40 



(2) INFORMATION FOR SEO 10 NO:4: 

<i) SEQUENCE CHARACTERISTICS: 
<A> LENGTH: 29 base pairs 
<B> TYPE: nucleic acid 
<C) STRANDED NESS: single 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (synthetic) 



<ix) FEATURE: 

<C) OTHER INFORMATION: /labels altemativeaas 

/note* "base pair 3= A or C or T; base pair 9= A or C or T; base pair 15= C or G- 
base pair 21= C or T n ' 
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15 



20 



Cxi) SEQUENCE DESCRIPTION: SEO ID N0:4: 
GGHCCICGHG CICASACIGC 1GCIATYCC 

29 

<2> INFORMATION FOR SEO ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
<A> LENGTH: 4 amino acids 
<B> TYPE: amino acid 
<D> TOPOLOGY: (inear 

<fi) MOLECULE TYPE: protein 
(ix) FEATURE: 

(A) NAME /KEY: redox sequence typical for thioredoxins 
CB) LOCATION: 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Cys Gty Pro Cys 

. 1 
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Claims 



3 o 1> -or™ 

weight of about 36 kDa Ll^JeX Z^ZmT* ^ po, *> e P tide *■* * molecular 
about 12 kDa and capable of reZctoa rt^Z 9 ( ^ P^P*** with a molecular weight of 
• carrier. P redUC,f19 d,su, P h 'de compounds in the presence of a reduced electron 

35 ^ i^f^ST astern -ord,n 9 to Cairn 1. capable of reducing ACV in oxidized form, for 
^ " ^ Wherei " ~, amino acid seouence for S ,d 

Ser-Gly-Pro-Gly-Aia-His-Thr-Ala-Ala-Ile- 

Tyr-Leu-Ser-Arg-Ala-Glu-Leu-Gln-PrS-Val- 
Leu-Tyr-Glu-Gly-Met-Leu- 

and the N-tenminal amino acid seauence for c»ih • 

c.Q sequence for said second component is equal to or homologous with: 

Tyr-Lys-Glu-Lys-Val-Thr-Asp-Ala- (Thr) -?Glv i -i 
( ( SS) } :? ly " Pr °- < Xaa > - - (Ala) - (lie) - (aL^Uo,- 



55 



* Apr ^^P^"San e ^ mesyMem ^, a toC , _ 
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is 



35 



and second components each sequence under the regulatory control of expression signals functional in 
said cells, whereby said components of said enzyme system are expressed; and 
isolating said enzyme system. 

5 5. The oxido reductase system according to any one of the Claims 1-3, substantially free of cellular debris 
and other microorganism proteins. . 

6. A process for isolating an oxido reductase system according to any one of the Claims 1-3 and 5 said 
process comprising: 

obtaining a cell-free extract of a microorganism comprising said system; 

separating said cell-free extract into fractions by chromatography steps and isolating an active 
fraction after each of said chromatography steps either said first component or said second component 
said steps including at least one of (a) molecular sieving chromatography; (b) anion exchange 
chromatography; (c) cation exchange chromatography; (d) affinity chromatography; wherein said steps 
may be performed in any sequence and are performed on an active fraction identified from a previous 
Sno^l 0 " 0 ™" 9 Said (aHd) ^P 5, °P tional| y separating an active fraction from said (a)-(d) steps on 

7. A DNA sequence encoding at least a functional portion of a polypeptide component of an oxido 
reductase system obtainable from P. chrysogenum and capable of reducing disulphide compounds in 
the presence of a reduced electron donor 

8. The DNA sequence according to Claim 7, wherein the encoded HMW polypeptide component 
comprises the amino acid sequence: 

Met-Val-His-Ser-Lys-Val-Val-Ile-Ile-Gly- 
Ser-Gly-Pro-Gly-Ala-His-Thr-Ala-Ala-Ile- 
Tyr-Leu-Ser-Arg-Ala-Glu-Leu-Gln-Pro-Val- 
Leu-Tyr-Glu-Gly-Met-Leu- . 

a The DNA sequence according to Claim 7, wherein the encoded LMW polypeptide component 
comprises the amino acid sequence: 



20 
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(Gly) -Val-Thr-Pro-Ile-Lys-Ser-Val-Ala-Glu- 
Tyr-Lys-Glu-Lys-Val-Thr-Asp-Ala- (Thr) - (Gly) - 
Pro-Val- (Val) - (Val) -Asp-Phe-His-Ala-Thr- (Trp) - 

^ (Glu)-Gly-Pro-(Xaa)-(Lys)-(Ala)-(Ile)-(Ala)-(Pro)- 
(Glu) 



45 



50 



10. The DNA sequence according to any one of Claims 7-9, isolated from Penicillium chrysogenum 
11- The expression signals of the DNA sequence indicated in claim 10. 

12. "me DNA sequence according to any one of Claims 7-10, under the control of expression signals 
obtained from the same or another organism. 

13. A DNA construct comprising at least one DNA sequence according to Claim 12. 

14. A transformed host cell comprising a DNA construct according to Claim 13. 

55 15. The transformed host cell according to Claim 14, wherein said cell is a prokaryote. preferably E coli or 
a Streptomycete. 

16. The transformed host cell according to Claim 14, wherein said cell is a eukaryote. preferably 

18 
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fenicillium chrysogenum. Aspergillus nidulans or Acremonjum chr^ogenum. 
. P^n^S^r 0 ^ ^ ° f »« ^ ™ in — * or enhancing the 

5 

.0 slational re3ulatory 5 , gnaI to c«onaN n COntro1 °' *•»«**»» and (ran- 

" a " 5,t " ma " K «*• I*— — A*— compounds a, a higher tevel 

isolating said ^-lactam compounds. 

polypeptide, and beir* capabteo, C °™" ! ° n! >°' a HMW POIypepM. and a LMW 

presence o. a reducingVnt at Sr?nS 2w """P 0 ""*' » ■ polypeptide In to 

•» 21. The method wording » claim 20 wherein ACV Is reduced In vlfo. 

» uee o, the oxldo ,ed«,se system from ^ ^ . ^ ^ ^ 
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GCCTCGGTCTTCTCCAAGTCATTTCCGarJ 0 4 0 



TTTCCGAGCGTCGCGCGTCAATTCCAA. 



50 



70 80 



^TACCGCCAGAAT 
Me 

90 



60 



130 140 



tagatttcttcgatatcagagttctaai^^ 160 170 , ao 

gagttctaaccgttttcccccacagTTATTGGCTCCGGCCCT 

lelleGlyserGlyPro 



250 

GGCATGCTCG 
GlyMetLeu 



Figure 2 
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